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ABSTRACT 


THIS PROGRAM ASSISTS IN THE TESTING AND CALIBRATION OF THE 
AAL4 DIGITAL TO ANALOG CONVERTER. PROVISIONS ARE INCLUDED 
FOR A POP-11 SYSTEM WITH UP TO 4 AA-11 DAC'S, . THE PROGRAM 
IS DIVIDED INTO FOUR SECTICNS: DAC TEST, RAMP» SQUARE 
WAVE, AND CALIBRATE, 


REQUIREMENTS 


EQUIPMENT 


POP -11/28 
AAT1 DIGITAL TO ANALOG CONVERTER SUBSYSTEM WITH. UP TO. 4 
CONVERTER MODULES, 


STORAGE ag 
THE PROGRAM OCCUPIES MEMORY FROM @ TO 1540. 


LOADING PROCEDURE 
METHOD ‘ : 
PROCEDURE FOR NORMAL BINARY TAPES SHOULD BE FOLLOWED. 

4, ABSOLUTE LOADER MUST BE IN MEMORY, | 

2, PLACE BINARY TAPE IN READER 

3, LOAD ADDRESS #7500 (# DETERMINED BY ADDRESS OF LOADER). 
4, PRESS "START" (PROGRAM WILL LOAD). 

STARTING PROCEDURE 

CONTROL SWITCH SETTINGS 

ALL. SECTIONS 


SWITCH REGISTER BITS 14, 43, 12 SELECTS DAC TO BE TESTED, 


44°13 12— a4 ADDRESS ASSIGNMENT 
08 8 DACQ 176768 (REFERENCE 8.3) 
oo 1 DACL 176762 
8 1 B NaC2 176764 
18 @ — -DAC3 176766 


RAMP, SQUARE WAVE, AND CALIBRATE 


SWITCH REGISTER BIT 11 CONTROLS Nac POLARITY 


“4129 = POSITIVE 
ti=4 NEGATIVE 


ge ela 


Oo 


a aaua 


“$2 ad fea 
“SQUARE WAVE ao : | 
“SWITCH REGISTER BITS 6 THRU CONTROL SQUARE WAVE FREQUENCY 


409 876 543 2148 


- 244 CALIBRATE 


RAMP TEST ~_ | | 
SWITCH REGISTER BITS 6 THRU 2 CONTOL RAMP SLOPE 


5 4 Q 


(7. 


2 te 


ae oo 


MINIMUM RAMP TIME 


a2eeo. 
Q ae a 
2Qane 
Q2QQA os 
Beas 
Ber & 


MAXIMUM RAMP TIME 


2 


ui 
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3 MAXIMUM FREQUENCY 


 aeas 
aeons 
Reaea w 
KPeRaAe 


“aaee 


1 42214 22-2 3 MINIMUM FREQUENCY 


CALIBRATE. oe | ea tthe aca gte Z | | | 7 = 


SWITCH REGISTER BITS 1@ THRU B CONTROL 14 BIT DAC VALUE, 


2 9 608 860 88D = MINIMUM VALUE (8 VOLTS) 


a 
aos eee, 2 a : : 
ae eS | ae wes, pores a eo 
41. 24.1 4 1 4 = MAXIMUM VALUE (+ OR = FULL SCALE) 


STARTING ADDRESS 


288 DAC TEST 
204 RAMP 
“218 SQUARE WAVE 


5, 


5,4 


PROGRAM AND/OR OPERATOR ACTION 


LOAD PROGRAM INTO MEMORY 
SELECT TEST. 


~ LOAD STARTING ADDRESS, 


SET APPROPRIATE CONTROL SWITCHES, 


PRESS "START" 
~ OPERATING PROCEDURE 
DAC TEST ~ = 


LOAD ADDRESS 200° — 

SELECT ONE DAC WITH SWITCHES Ads As, 12 CREPERENCE 4.1.1), 
PRESS START, 

PROGRAM | WILL BEGIN TESTING THE SELECTED DAC, e 

ONLY ONE DAC WILL BE TESTED AT A TIME, HOWEVER, DAC SELECTION 
CAN BE. CHANGED a aM TAME ged THE PROGRAM IS RUNNING, 


RAMP Tes? | 
LOAD ADDRESS 204, . 


SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE. 4.1.1), - 
SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2), 


~ SELECT RAMP SLOPE WITH. SGA: 6 THRU 8 “(REFERENCE 4.1.3). 


PRESS START, | *: 
PROGRAM WILL EXECUTE RAMP, = 8 

ONLY ONE DAC AND POLARITY MAY BE SELECTED AT A TIME, TO 
SELECT ANOTHER DAC OR CHANGE POLARITY RESTART TEST AT 218, 
SWITCHES CONTROLLING RAMP SLOPE MAY BE CHANGED WHILE PROGRAM 
IS RUNNING. 


SQUARE WAVE. 
LOAD ADDRESS 240, 


SELECT ONE DAC WITH SWITCHES 14, 43, 12 (REFERENCE 4.1.1), 
SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1,2) 


SELECT SQUARE WAVE FREQUENCY WITH SHITGHES 6 THRU @ "(REFERENCE 4.1.4) 


>. PRESS. START, 
~ PROGRAM WILL EXECUTE SQUARE WAVE... 


ONLY ONE DAC ANO MAY BE SELECTED AT A TIME, TO SELECT tee 


DAC RESTART TEST; SWITCHES CONTROLLING SQUARE WAVE POLARITY OR 


FREQUENCY MAY BE CHANGED WHILE PROGRAM IS RUNNING, 


( 


5,4 


; 4, 


v, fe 


Bee 
re 


8,2 


CALIBRATE TEST 


LOAD AODRESS 214, 
SELECT UP TO FOUR DACS WITH SWITCHES 14, 155-42: (REFERENCE 4, 1. ade 


SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2), 
SELECT DAC VALVE WITH SWITCHES 12 THRU @ (REFERENCE 4. Li 5). 
PRESS START, 


PROGRAM WILL LOAD DACS WITH SELECTED VALUES, 


SWITCHES SELECTING DACS. POLARITY OR VALUES CAN BE CHANGED 


WHILE PROGRAM IS RUNNING, 
ERRORS 
ERROR REPORTING 


. TF AN ERROR OCCURS DURING ‘pac TEST THE PROGRAM. WELL HALT. 
» REGISTER: BWILL CONTAIN EXPECTED. VALUE OF DAC, ..70-RESUME - 


TESTING PRESS CONTINUE", IF IT PS DESIRED TO LOOP ON 


THE TEST THAT. FAILS REPLACE THE HALY INSTRUCTION WITH A 
248 (NOP). | 


NO. ERROR INDICATIONS ARE GIVEN DURING OTHER TESTS, 


RESTRICTIONS 


NONE 

MISCELLANEOUS 
EXECUTION TIME 
“PROGRAMMING TECHNIQUE 


THIS PROGRAM” MAKES EXTENSIVE USE. OF GENERAL REGISTERS. FOR THE - 
PURPOSE OF GAINING. MAXIMUM OPERATING SPEED. 


THE PROGRAM CAN TEST UP TS FOUR DAC'S AT ONE TIME. IN 
IT'S STANDARD FORM IT WILL TEST DACA, DACL» DAC2 AND 
DAC3. MEMORY ADDRESSES 122, 122, 184 AND 186 CONTAIN 
THE POINTERS FOR THESE DACS,. IF IT {tS DESIRED TO TEST 
ANY OF THE OTHER 16 DACS, THE OPERATOR MUST CHANGE THE 
CONTENTS OF THE POINTER ADDRESSES TO SELECT THE DESIRED 
DAC. . 


DAC SELECTION 


EXAMPLES 128/ 176768 
102/ 176528 
104/ 176542 
186/ 176566 


DACS @» 8» 13 AND 19 COULD NOW BE SELECTED. 


ADDRESS — 


DAC. 

a 176768 

1. 4767620 

2. 476764 

3, 176766 

4. 476508. 

5-4 76502° 

6 476504 

7 476506 

8 476520 

9... 476522 

18°" 476524 

414. 4 76526__ 

13° 476542 

44. | 476544. 
(450 476546 | 

16° «476560 

sty Ae 476562 

18 = =——s«4 76564 


19 ——--176566 


Ge 


7 9,2 


. 9.3. 


PROGRAM DESCRIPTION 
OAC TEST 
THIS TEST MAKES CERTAIN THAT ALL BITS OF THE DAC MAY BE SET, 


CLEARED AND READ BACK, FIRST THE DAC IS CLEARED AND CHECKED TO 


BE CLEAR, THEN SET TC ALL SNES AND CHECKED TO BE SET TO ALL ONES, 
NEXT THE DAC IS SET WITH AN INCREMENTING PATTERN AND CHECKED. | 
ALSO CHECKED ARE THE CONDITIONS WITH BIT 41 SET TO MAKE SURE THAT 
BIT 11 1S REFLECTED IN BITS 15° THRU 12. 


RAMP TEST | 


“THE DAC SELECTED. BY SWITCHES 14, 13, 12 1S CLEARED (SET TO ZERO VOLTS) 
AND THEN INCREMENTED (OR DECREMENTED) AT A RATE THAT MAY BE | 


CONTROLLED BY SWITCHES 6 THRU @ UNTIL THE MAXIMUM VALUE ( OR - FULL 
SCALE) 1S REACHED. 


“SQUARE WAVE 


THE DAC SELECTED BY SWITCHES 14, 13, 12 1S SET TO ZERO AND FULL SCALE 
CIF POLARITY NEGATIVE) AT A RATE THAT MAY BE CONTROLLED BY SWITCHES 
6 THRU. Bs 


CALIBRATION 
‘THE VALUE CONTAINED IN SWITCHES 11 THRU @ IS LOADED INTO THE pac 


SELECTED BY SWITCHES 14, 13, 12, THE OPERATOR MUST DETERMINE ale 
A ‘OVM OR SCOPE IF THE DAC celia 1S ACCURATE, 


| 
| 
! 


PALKIL 


OALA8B 
QB08G2 
SBl2B4 
SB2886 
O28810 
080842 


(980814 


GO8816 
BCC 20 


GBHG22.. 


908924 
088826 


GOB038 


888032 


— BRBDS4 


090836 
CULL 


900042- 
o00044 


G08846 


808850 — 


288952 


GO0054 — 
BBOG56 


ooeneo 
oa0a6e2 
oe0o64 
022066 


O22070 


aa0o72 


— 908874 
- CBBB76 


022100 
200102 


oo0104 
080106. 


920200 — 


@88284 
O202410 


288214 


V283 


B2AR00 
B2QSG22 


GL2AG82 
POOBC2 
GB0V06 
GBL2GH 
G20812 


GQ2000 


GB0816 
G22002 
B2BG22 


BBVA: 


GB2026 
BOBB08 
820032 
GBSBV0 
02836 
BLLLG2 


gbog42 °°: 
soegen 


2B-NOV-74 


GO8846 


GLBO0R 


866052 


BEBBO0 
888856 


GL2LB92 
GOB062 


Tl 


OBBR66 
GBSBV2 
@22G872 
OLVBHS 


O0OR76 


00000 


476768 


476762: 
176764 


476766 


477578 
 ge0248 
988776 


GBL208 
000167 
068167 
900167 
980167 


990574 
901086 
201106 
880704 


7358 PAGE i 


bAAL1 DAC CALIBR 
s;COPYRIGHT 1972, 
+; JOHN RODENHISER 
128 
»REPT 
92 
HALT 
ENOR 
2 


HAL, T 


jTHE FOLLOWING 4 ADDRESSES MAY BE MODIFIED TO POINT TO OTHER DACS 
DAE! 176760 
pACt! 176762. 
“DAC2! 176764 


DACS! 176766 


‘SR2177570 
NOP2248 
—STACK=776 


1206 
JMP 
JMP 
JMP 
JMPC 2k 


ATION 


DIGITAL EQUIPMENT CORP., MAYNARD, MASS, 


28 


DACTST 
RAMP 
- SQUARE 
CALIB 


SCONTAINS ADDRESS OF 
SCONTAINS ADORESS OF 
SCONTAINS ADDRESS OF 
SCANTAINS ADBRESS OF 


sDAC TEST 
SRAMP TEST 
PSQUARE WAVE TEST 
ICALIBRATE 


DAC @ 
DAC 


DAC 


1. 
DAC 2. 
3 


PALXi1 


081008 
OB1884 


gates 
- pe4042— 
eoig414 


OB1016 
oeie2e 


 BO1822- 
 @B1026 

901930. 
001034 


881836 


 potoa0 


—BB1B62 
oe19a4 
901086 
“901050 
201952 
OOL054. 
—GB1056 © 


881860 


-gateee 


BO1066 


081070 — 
904874 
904108 
 pe1182 
904104 
01186 
pOt448 
 p@1s42 


061114 
001120 


901122 


VERS 


— O81808 


812706 


904767 


825818 
811001 
GBL402 


g00000 
800773 


“912710 
“11001. 
(922704 
 9014R2 


G2B020 


9007728 


085001. 
905018 
805201 - 
“985210 
920118 
(981482 


628800 
888778 


 §22701 
681367 


012701 


et2740 
205210 
98201 
p2eiie 
p0i4e2 
-gogeoR 
908766 
322710 
901367 
900726 


20-NOV-78 


222776 
9092422 


477777. 


177777 


983777 


473777 
003777 


477777. 
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»=1000- ‘ , 
sTEST OAC BITS 42-8 TO SET AND CLEAR 


sSW 44, 135 12 SELECT OACS 


DACTST: MOV _ WMSTACK)%6 
JSR so &7,DACSEL sGET DAC SELECTED 
sTEST DAC CAN BE CLEARED . 
OTe: CLR  (B#) 
MOV (8) ,%1 
BEQ ori ; oe 
HALT sERROR DAC NOT CLEARED 
BR. OTe 
TEST DAC CAN BE SET TO ALL 1'S 
Ori: “MOV Hei, (8) 
MOV 6B) KL 
CMP Bel kL 
BEO » DT2 se 
MALT SERROR DAC NOT = ALL i'S 
BR oT4d 
-STEST DAC WILL ACCEPT A COUNT PATTERN (8 TO 3777) 
or2: CLR SL 
~~ CLR (8) 
—DTeat INC ince © ee 
2 ENG. (8) 
CMP “K1s (8) 
- BEQ  —“DT2B 
WALT oe “PERROR DAC NOT = AL 
; ~ BR OTe . 
oT2Bi  cHP 83777414 
BNE .- OT2A 
—-pTEST THAT DAC WILL ACCEPT A COUNT PATTERN ald eeeee 
OTS: ~ MOV — #473777,41 
MOV. H3777,(0) 
OTSA: — INC (8). 
INC K4 
eMP *415(8) 
ABEQ . ceOTSB Bae eae 
WALT ep oe ~ SERROR DAC NOT = 41. 
~ BR: ors eae 
oT3B: ° CMP #9408) 
: BNE  —-OTSa ee 
BR DACTST SREPEAT TEST LOOP 


“PALMAL 


@81124 
@81132 
@81134 


2841142 
001158 
081152 ° 
801168 
201166. 
OO1170 | 
OO1176. 
G01284 | 
021286 
gO4214- 


O04216.. 

g01222.- 

801226: 
(881234) 


01236 
G81240. 


001260 
OO1262- 


901264: 
821266 


901270. 
OB4272. 


021276 
901302 


O2L304 
CB1386 © 


221318 


781312 
881324 


#21316 
a21320 


VESS> 


(832767 


201983 


816777 


832767 


821403" 
816777 
(832767 


28-NOV-728 


272080 


176430 
212020 


476442 


920020 


oe14a3° 


816777 
832767 ° 


001747 


(816777 
“9807435 


@12706° 
604767 
932767. 


‘p12702- 


4 
820318 
GB4372. 
885010 - 
OBB771 


@853108— 
111201 


405301 
120376 


820312 
881372 
825012 
Q00771 


476374 
40000 


476356 


2887-76 


888204 


_ bosaee 


883777 


Be5010° 
612702 
912703- 


477570 
174008 ~ 


176436 


176736 
176428 


176722 
176482 


476786 


176364 


176672. 


176334 
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SCALIBRATION ROUTINE FOR UP TO 4 DACS 


sSW 14, 413, 


12 SELECT Dacs 


sSW 11 SELECTS POLARITY 


sSW 18-8 SELECTS DIGITAL VALUE 


CALIB: BIT 
BNE 
MOV 
cit BIT 
BEQ 
MOV 
Cat BIT 
BEQ 


MOV. 
C3! BIT. 


BEQ 


MOV - 


BR 
sRAMP TEST 
1SW 14, 43, 


#7208@,SR 
ci 
SR»@DACB 
#10908,SR 
C2 

SR,» @DAC1 
#20000,SR 
CS)... 
SR,@DAC2. : 
#429002,SR 


CALIB 


SR»,@DACS 


-CALIB- 
42 SELECTS DACS” 


1SW 44 SELECTS POLARITY: 
1SW 7-8 CONTROLS RAMP® SLOPE 


RAMP} MOV 
WSR 

BIT 

BNE 


sPOSITIVE RAMP 


HSTACKs%6 


" ¥7,DACSEL 
-#4000,/SR 


RN | 


3%2 CONTAINS DAC POINTER 


RP 3 CLR 
MOY 

MOV 

RPist INC 
RP2: ~: MOVB 
DECB 


—SNEGAT.IVE RAMP. 


(8) 


#SR,%2 
‘43777 %3 


$48 CONTAINS DAC POINTER 


RN§ CLR 


MOV 
“MOV 


RNit = DEC 
RN2:.. . MOVB 
DECB 


BPL 
- CMP 
~ BNE 
CLR 
BR . 


(Q). 


“#174008,%3 


sYEST SW 12, 13, 


14 = @ TO LOAD DAC 8B 


sTEST SW 12 TO LOAD DAC 1 


ITEST SW-13 TO LOAD DAC 2 


ITEST SW 14 TO LOAD DAC 3. 


SCLEAR DAC 


1K%2 1S SWITCH REGISTER POINTER 
1%3 1S DAC VALUE COMPARITOR 


fei TO DAC VALUE 


IGET DELAY FROM SWITCHES 


IDELAY. COUNT . 
ts DAC#37772 
INO 


SCLEAR DAC 


1YES, CLEAR DAC 


1X2 1S SWITCH REGISTER POINTER 
1x3 1S DAC VALUE COMPARITOR 


bei TO DAC VALUE 


IGET DELAY FROM SWITCHES 


IDELAY COUNT 

11S DAC=1740B2 
INO 3 
HYES, CLEAR DAC 


PALX’1 -V@B3 --2M-NOV-70——(sss725B PAGE 4 


sSQUARE WAVE TEST 
sSW 14, 43, 12 SELECTS DACS 
+§W 11 SELECTS POLARITY 
ee iSW 7-8 CONTROLS FREQUENCY 
OG4322 812706 282776 SQUARE! MOV BSTACKs%6 


081326 884767 880140 JSR #7 DACSEL 
O@1332 852767 84080 £76238 SQ’ BIT  #4888,SR 


- BNE SN 
SPOSITIVE SQUARE WAVE 

7 vanree 5%2 CONTAINS DAC POINTER a 
984342 612710 680080 SP! MOV | #6,(8) ISEY DAC AT @ VOLTS 


904348 001016 — 


004346 O80400 | BR 442 BALANCE TIME BETWEEN * AND GND 
(OO135@ 116701 176214 “MOVE  SReXL oe eee 
601354 4805301 | oie DECB Beka KL ee 
— O@1356 4803760 eee - BPE gs? DELAY. 2 ies, | 
081368 @12710 883777 MOV #3777,+(8) ;SET DAC AT #18 VOLTS | 
OG1364 116701 4176208 MOVB SR» Xi | ihe 
- 981378 1485301 DECB 4. 
(881372 108376 BPL ot re IDELAY 


081374 880756 BR sq 
 SNEGATIVE SQUARE WAVE 
. | | +%@ CONTAINS DAC POINTER 
- $O4376 812710 se00e0 SNE MOV #8408) _ $SET DAC AT @ VOLTS 


901402 @884o0 BR +2 $BALANCE TIME BETWEEN = AND GND 
001404 446701 176168 | MOVB SRa%1 

G01418 485304 : DECR KA. 

921412 100376 | BPL 102 sDELAY | 

904414 @12718 eB4oa0 MOV #4000000) sSET DAC AT -18 VOLTS 

O01420 416701 176144 | MOVB SRe%1 | ‘ at 

01424 185301 ie DECB %41::- 

901426 4180376 i BPL are HDELAY 


OB1438 888748 BR .. SQ 


PALX14 


221432 
21440 
881442 


OB1446. 


021458 
881456 
081462 


OB1464 
981466 
201474 
O01476~ 


O815¢2 
881584 
281548 


VO83 


432767 
821003 


216720 


980207 


432767 
681403 
“916708 


988207 
432767 
021403 
916700 


- $88287 
‘916798 


®22207 


oeeoe1 


20-NOV-72 
@OG168 176134 
176432 

090026 1764113 
176416 
202040 176075 
476402 | 
476376 


Ps 


( 
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SDAC SELECT SUBROUTINE 
sSWITCH REGISTER BITS 14, 13, 12 SELECT DACS 
SREGISTER @ WILL CONTAIN POINTER FOR DAC SELECTED 


; 

DACSEL: BITB 
BNE 
MOV 
RTS 

oSi: BITB 
“BEQ 
“MOV 
RTS 


pS2t- BITB 


BEQ 

* MOV 

RTS 

O83 MOV 
RTS 

»END 


#168,SR+4 318 DAC @ SELECTED? 
ost JNO 

DACO,%2 1YES 

%7 | 

#28,SR+1 1S DAC 1 SELECTED 
DSs2 $NO 

DAC1L,%&@ sYES 

#42,SR+1 — IS DAC2 SELECTE 
pss . NO 

DAC2,48 3YES 

%7 


DACS,%@ sMUST BE DAC3 - NO OTHERS SELECTED 
%7 


- PALMA 


ci 
C2 
203 
CALIB 
pace 
DACL 
pace 
DACS 
DACSEL 
pACTST 
pst 
ps2 


ERRORS DETECTED! 2 


VO03 . 20-NOV-72 


601142 
@21160 - 
821176 
621124 
622188 
888102 
280194 
688126 
881432 
881800 
081456 
G24466- 
@84504 
@81818 
881822 
004042 
881846 
884862 
8210728 
981182 
881114 
888248 
881216 
981278 
881382 
8813484 
884236 
984259 
861252 
091376 


- 9814342 


881332 
881322 
477578 
028776 


RUN-TIMES 4 SECONDS 


4k CORE USED 
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